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West-Eberhard and the notion of plasticity: Implications and 
consequences for an extended synthesis of evolution
Antonine Nicoglou
 
     The biologist Mary Jane West-Eberhard publishes, in 2003, a book, entitled 
Developmental Plasticity and Evolution, in which a new synthetic approach, integrating 
development with evolution, is offered. For this reason, the book is seen as a piece of 
work in the field of Evolutionary developmental biology, commonly known as Evo 
Devo, whose aim is to synthesize data from both development and evolution. However, 
West-Eberhard’s ambition is much higher in this book because she does not only focus 
RQJDWKHULQJWKHGDWDIURPERWK¿HOGVEXWVKHDOVRZDQWVWRIRUPDOL]HDQHZV\QWKHWLF
WKHRU\RIHYROXWLRQZKLFKLQFOXGHVGHYHORSPHQWLQLWVGH¿QLWLRQ6KHDOVRH[SODLQVWKDW
in order to provide such a synthetic theory of evolution, she needs to offer an “inclusive 
GH¿QLWLRQRISODVWLFLW\´LQRUGHUWRDYRLG³XQQHFHVVDU\GLVWLQFWLRQVDWHYHU\WXUQ´HYHQLI




The origin of the problem
    7KHERRNFUHDWHVTXLWHDVWLULQWKHELRORJLFDOFRPPXQLW\DQGDPRQJSKLORVRSKHUV
of biology with its publication and circulation (Pfenning 2004; Rollo 2004; De Jong 
2005) because West-Eberhard’s attempt is to propose a process for the emergence of 




the environment of the individuals gives rise to a developmental plastic response and 
to a phenotypic accommodation - the immediate adjustment to the changes resulting 
IURPWKHPXOWLGLPHQVLRQDODGDSWLYHÀH[LELOLW\RIWKHSKHQRW\SH±ZKLFKHQDEOHVDVD
second step, the improvement of the individuals’ adaptation in the new environment. 
The new phenotypes, which result from this developmental plasticity, are then selected. 
(YHQWXDOO\DFKDQJHLQDOOHOHIUHTXHQF\ WKHJHQHWLFDFFRPPRGDWLRQ LPSURYHVDQG
integrates the change. In this new process, environment becomes a key participant 
in the generation and selection of adaptations. The first step of the process is thus 
³GHYHORSPHQWDOSODVWLFLW\´
    8QGHUVWDQGLQJZKDW:HVW(EHUKDUGH[DFWO\PHDQVE\DQ³LQFOXVLYHGHILQLWLRQ
RISODVWLFLW\´ LVDQHFHVVDU\SUHDPEOH WRDSURSHUDQDO\VLVRIKHUYLHZ7KHIDFW WKDW
she gives a central role to this notion of plasticity in her account and also that she 
SURYLGHVDQ³LQFOXVLYHGH¿QLWLRQ´ LQRUGHUWRHQFRPSDVVLWVGLIIHUHQWXVHVDPRQJWKH
GLVFLSOLQHV LQELRORJ\ LPSOLHV WKDWVKHFRQVLGHUV³SODVWLFLW\´DQGPRUHVSHFLILFDOO\
³GHYHORSPHQWDOSODVWLFLW\´DVDQRSHUDWLYHFRQFHSW LQDQHZV\QWKHVLVRIHYROXWLRQ
LQFOXGLQJGHYHORSPHQW7KLVODVWH[SUHVVLRQPHDQVWKDWWKHFRQFHSWRISODVWLFLW\GH¿QHG
in a certain way, could be a central concept (Pigliucci & Müller 2010) in the realization 
of a strong theoretical synthesis of evolution, including development. However, several 
TXHVWLRQVPD\EHUDLVHGDQGWKHPDLQRQHZRXOGEHZKDWGRHVLWPHDQIRUDFRQFHSW
to be central in the realization of a strong theoretical synthesis of evolution, including 
GHYHORSPHQW" ,QRUGHU WRDQVZHU WKLVPDMRUTXHVWLRQ WZRVXEVLGLDU\TXHVWLRQVDUH
SURYLGHGLVLWDFRQFHSWWKDWLQFOXGHVRUV\QWKHWL]HVLQWRWKHVDPHGH¿QLWLRQGLIIHUHQW
usesRI WKHQRWLRQRISODVWLFLW\ LQGLIIHUHQWFRQWH[WVDQG LQGLIIHUHQWGLVFLSOLQHVRI
biology; or (2) is it a concept that includes and synthetizes into the same definition 
different meaningsWKDWWKHWHUP³SODVWLFLW\´FDQDGRSWLQWKHOLIHVFLHQFHV"%\DQVZHULQJ
WKHVHTXHVWLRQV,ZLOOVKRZLQZKLFKFDVHRQHUHDOO\JHWVDFHQWUDOFRQFHSWZKLFKKHOSV
thinking theoretically a new synthesis of evolution, that would include development.
    7RH[SODLQZKDW,PHDQE\WKH¿UVWVXEVLGLDU\TXHVWLRQ,ZLOOUHIHU WRWKHQRWLRQ
RI ³GHYHORSPHQWDO SODVWLFLW\´7KHQRWLRQKDVEHHQ IUHTXHQWO\XVHG LQ WKHSDVW
SDUWLFXODUO\ LQQHXURELRORJ\ %HQQHWWHWDO%DXGU\HWDO)RHKULQJ	
/RUHQ]RQ ,W UHIHUV WR WKHFKDQJHV LQQHXUDOFRQQHFWLRQVGXULQJGHYHORSPHQW
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as a result of environmental interactions as well as neural changes induced by 
learning. The notion helps highlighting the specific change in neurons and synaptic 
FRQQHFWLRQVDVDFRQVHTXHQFHRIGHYHORSPHQWDOSURFHVVHV,W LVRQHXVHRIWKHQRWLRQ
ZKLFK LV UHVWULFWHG WR WKH ILHOGRIQHXURELRORJ\%XW WKHQRWLRQRI³GHYHORSPHQWDO
SODVWLFLW\´KDVDOVREHHQXVHG LQGHYHORSPHQWDOELRORJ\LQFOXGLQJJHQHWLFVWXGLHV
DERXW WKHGHYHORSPHQWDOSDWKZD\VIRU LQVWDQFHZKHUHLWDFFRXQWVIRU WKHFRPSOH[LW\
of interactions between genotype and phenotype, during development, and based on 
environmental circumstances (Gilbert 2010). This second definition is different from 




Indeed, the term can be understood in two different ways, two different meanings, 
which are based on the etymology of the term. In Greek, it can be linked to plastikos, 
ZKLFKPHDQV³UHODWHGWRWKHVKDSLQJ´RU³IRU WKHVKDSLQJ´DQGWRplastikê, from the 
verb plasseinZKLFKPHDQV³WRPROG´RU³WRIRUP´7KHUHIRUHWKHWHUP³SODVWLFLW\´FDQ
either describe the ability the body possesses to model its form over time, as illustrated, 
for instance, by the limb growth studies in development (Forgacs & Newman 2005); or 










concerns whether or not the concept used by West-Eberhard helps thinking theoretically 
a new synthesis of evolution, that would include development.
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“Plasticity” in the life science: Two conceptual traditions of use





the rediscovery of Mendel’s law and the advances of genetics in the early 20th century. 
+RZHYHU WKH WHUP³SODVWLF´HJ LQDQDGMHFWLYDOSKUDVHZDVDOVRXVHG ORQJEHIRUH
WKHHDUO\GD\VRIJHQHWLFVSDUWLFXODUO\ LQHPEU\RORJ\ WRUHIHU WR WKH³DUFKLWHFWRQLF´
RU³GHYHORSPHQWDOSURSHUWLHV´RIWKHHPEU\RQLFWLVVXHV,WZDVPDLQO\WKLVPHDQLQJRI
WKHZRUG³SODVWLF´WKDWHPEU\RORJLVWVXQGHUVWRRGZKHQWKH\XVHGWRUHIHUWRWKHWHUP
Recently, developmental biologists have given a renewed attention to this use (e.g. in 
stem cells studies).






of the genotypic constituents in contact with various environments. When Dobzhansky 
LQWURGXFHVWKHQRWLRQWRWKH$QJORSKRQHZRUOGKHIRFXVHVRQWKHDGDSWLYHQRUP
For this reason, the origin of the adaptive norm becomes a basic problem of population 
JHQHWLFV6DUNDU6LQFH%UDGVKDZ¶VGH¿QLWLRQRI³SKHQRW\SLFSODVWLFLW\´LVEDVHG
on this concept of norm of reaction, plasticity also becomes a problem of population 
JHQHWLFV%HFDXVHRI WKH LPSRUWDQFHRIJHQHWLFV LQ WKHWK FHQWXU\ ³SODVWLFLW\´
EHFRPHVIRUPRVWELRORJLVWVDWHUPRIJHQHWLFVHJ%UDGVKDZ6FKOLFKWLQJ
6WHDUQVHWDO:HVW(EHUKDUG6FKHLQHU6XOWDQ7KLV WUDGLWLRQ




    6HFRQGFRQFHUQLQJ WKH³HPEU\RORJLFDO WUDGLWLRQ´RIXVHRI WKH WHUP³SODVWLF´













which enable an organism to develop its form. The level of observation moves 
SURJUHVVLYHO\IURPWKHERG\DVDZKROHWRWKHLGHQWL¿FDWLRQRI WLVVXHVJURXSRIFHOOV
and the molecular determinants, which appears to be decisive for the form development. 
7KHWHUP³SODVWLFLW\´LVXVHGWRGH¿QHHQWLWLHVSURSHUW\RUSURFHVVHVSURSHUW\DQGQRWWKH
result of the interaction of these entities with the environment. For instance, the term has 
been used a lot in stem cells studies, where it is assumed, by biologists, that these cells 
KDYH³SUHVHUYHGSODVWLFLW\´5LQNHYLFK	0DWUDQJD
    7KXVWKHUHDUHWZRPDLQWUDGLWLRQVRIXVHRIWKHWHUP³SODVWLFLW\´LQELRORJ\HYHQ
if the second one is less represented in the literature than the first one. However, 
apart from this historical consideration, it seems, nowadays, that these two traditions 
KDYHUHFHQWO\³PHUJHG´WRJHWKHURUUDWKHU WKDW WKH³JHQHWLFWUDGLWLRQ´KDVVXSSODQWHG
WKH ³HPEU\RORJLFDO WUDGLWLRQ´ ,QGHHG IURP WKH HDUO\WK FHQWXU\ WKH VWXG\RI
morphogenesis is located in an area where biologists, trained both in embryology and 
JHQHWLFVFRH[LVW0RUJDQ:DGGLQJWRQ<HW WKLVDUHDTXLFNO\GLVDSSHDUV
with the emergence and growth of new specialized fields in genetics, starting with 
SRSXODWLRQJHQHWLFVZKLFKHQDEOHVELRORJLVWV WRDFKLHYHDQH[SODQDWRU\V\QWKHVLV
in evolutionary theory between the data that it provides, along with mendelian 
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JHQHWLFVDQGWKHWKHRU\RIQDWXUDOVHOHFWLRQ WKDWZLOOEHFDOOHGWKH0RGHUQ6\QWKHVLV
The study of development also takes a new turn with the emergence of molecular 
biology, where the study of the molecular determinants becomes central. Therefore, after 
this turn, morphology mainly focuses on these molecular determinants. This is the reason 
why embryological tradition will disappear and be replaced by a developmental tradition 
that gives a strong importance to molecular and genetic determinants. In her book, West-
(EHUKDUGVHHPVWRVXJJHVWWKDW³GHYHORSPHQW´DOVRLVRYHUORRNHGZLWKWKHHPHUJHQFH
RIPROHFXODUELRORJ\EHFDXVH LWGRHVQRW ILW LQWR WKH0RGHUQ6\QWKHVLV IUDPHZRUN
For breaking the present stalemate, she suggests that the notion of “development has 
WREHGH¿QHGPRUHEURDGO\´WKDQLWXVHGWREHLQHPEU\RORJ\LQRUGHU³WRLQFOXGHWKH
RQWRJHQ\RIDOODVSHFWVRIWKHSKHQRW\SHDWDOO OHYHORIRUJDQL]DWLRQ´DQGGXULQJWKH
whole life cycle of the organism considered. This is another way, for West-Eberhard, 
to minimize the focus on genetic factors, but without reverting to the embryological 













and, possibly, how it includes the different traditions described before?
West-Eberhard’s inclusive concept of ldevelopmental plasticityz: 
Including what?
Antonine Nicoglou 31
     In her book, West-Eberhard seems to show that, in order to integrate development 
LQHYROXWLRQDU\WKHRU\RQHVKRXOGQRORQJHUXVHWKHWHUP³SODVWLFLW\´LQDYHU\VSHFL¿F
sense, but should use it in a much inclusive and a more general way, leaving aside 
the differences between the different meanings that the term can adopt, depending on 
WKHFRQWH[WVDQGRQWKHGLVFLSOLQHVRIXVH6KHGHILQHV³SODVWLFLW\´DV³WKHDELOLW\RI
DQRUJDQLVPWRUHDFW WRDQ LQWHUQDORUH[WHUQDOHQYLURQPHQWDO LQSXWZLWKDFKDQJHLQ
IRUPVWDWHPRYHPHQWRUUDWHRIDFWLYLW\´7KHGH¿QLWLRQGRHVQRWIRFXVRQDQ\OHYHO
of the organism in particular, and thus it enables West-Eberhard to include, under 





possible because she also defines development broadly. Other objects of study than 
those traditionally assigned to the field, are added. Where developmental biologists 
WUDGLWLRQDOO\ IRFXVRQ³PRUSKRORJLFDOSKHQRW\SHV´:HVW(EHUKDUGGHFLGHV WRDGG
RQWKHLUSODWHRWKHUW\SHVRI³SKHQRW\SHV´)RULQVWDQFHVKHFRQVLGHUVWKDW³VWUXFWXUH
SKHQRW\SHV´GRQRWRQO\ UHIHU WRPRUSKRORJLFDO VWUXFWXUHVEXWDOVRFRUUHVSRQG WR
³WKHRUJDQL]DWLRQRI WKHSKHQRW\SHDWDQ\ OHYHORIDQDO\VLV´7KHUHIRUHEHKDYLRUV
and physiological processes can also be considered as phenotypes. This attitude is 
prevalent among all behavioral ecology. However, if the definition of development 
:HVW(EHUKDUGJLYHVLVEURDGKHUGH¿QLWLRQRIWKH³SKHQRW\SH´LWVHOIUHPDLQVUHODWLYHO\
FRQYHQWLRQDOVLQFHVKHUHIHUVWR-RKDQQVHQ¶VDUWLFOHIURP7KLVGH¿QLWLRQLPSOLHV
that the phenotype is determined by the genotype and thus fits with the traditional 
genetic view. What can we conclude from this analysis of West-Eberhard’s definition 
IRURXUXQGHUVWDQGLQJRI³GHYHORSPHQWDOSODVWLFLW\´DVDQRSHUDWLYHFRQFHSW LQDQHZ
evolutionary synthesis that includes development?
     In the beginning of this paper, I drew a distinction between two subsidiary cases for 
ZKDWDQ³LQFOXVLYHGH¿QLWLRQ´LVZKLFKKHOSHGWRH[SODLQZKDWZRXOGEHLQP\RSLQLRQ
DIXOO³RSHUDWLYHFRQFHSW LQDQHZV\QWKHVLVRIHYROXWLRQ´,QRQHFDVH LWPD\PHDQ
that the concept is used to make a synthesis between its different uses in the different 
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disciplines, and where there is no apparent distinction between the different meanings 
WKHWHUPFDQDGRSWEHFDXVHLWLVDQHZRSHUDWLYHGH¿QLWLRQWKDWLVSURYLGHG,QDQRWKHU
case, it may mean that the concept is used to make a synthesis between its different 
PHDQLQJVLQGLIIHUHQW¿HOGVRIELRORJ\,QWKHVHFRQGFDVH WKH³V\QWKHVLV´UHDOL]HGLV




of a possible synthesis between the different uses of plasticity in the different disciplines, 
Pigliucci, in Phenotypic Plasticity: Beyond Nature and Nurture (2001), pointed out that 
WKHUHDUHGLIIHUHQWGH¿QLWLRQVRUGLIIHUHQW³W\SHV´RISODVWLFLW\+RZHYHUKHVXJJHVWHG
WKDW LW LVSRVVLEOH WR³UHFRQFLOH´ WKHVHGHILQLWLRQVE\REVHUYDWLRQDQGFRPSDULVRQ
of the described phenomena because, whether it concerns alternative choices of a 
morphological structure, of a behavior, or of a physiological response, in all three cases 
what is described, he said, corresponds to phenomena that allow organisms to change 
in response to environmental challenges. It implies that it is possible here to have an 







belongs to the genetic tradition that I described before. For this reason, it seems that, 
KHUHWKHLQFOXVLYHGH¿QLWLRQLVQRWDQHZRQHEXWLVIRFXVHGRQDVSHFL¿FPHDQLQJRI




based on the merge of different uses of the concept in different disciplines into a single 
GH¿QLWLRQ:KDW:HVW(EHUKDUGHYHQWXDOO\DGGVLVHVVHQWLDOO\DEURDGHUGH¿QLWLRQRI
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development, which, linked to the concept of plasticity, allows her to consider other 
phenotypes than those usually considered, but it is not much more.
$FFRUGLQJO\RQHFDQUHVSRQGSRVLWLYHO\WRWKH¿UVWVXEVLGLDU\TXHVWLRQ³3ODVWLFLW\´
as West-Eberhard defines it, is used to make a synthesis between different uses of 
WKH WHUPSODVWLFLW\ LQGLIIHUHQWGLVFLSOLQHVDQGLQGLIIHUHQWFRQWH[WV%XW WKHIRFXVRI















operative concept that would help thinking theoretically a new synthesis of evolution, 
that fully includes development.
     Therefore, some clues are offered, considering the second option, and one can 
UHVSRQGQHJDWLYHO\³3ODVWLFLW\´DVGHILQHGE\:HVW(EHUKDUG LVQRWXVHGWRPDNHD
VHFRQGNLQGRIDV\QWKHVLVWRRIIHUDV\QRSWLFYLHZLQDVLQJOHGH¿QLWLRQRIWKHGLIIHUHQW
meanings that the term can adopt in the life sciences. West-Eberhard do emphasize 
the developmental component of the process involved in plasticity and she values an 
emphasis on developmental plasticity in her conception of evolution in order to show 
how development produces an adapted phenotype, necessarily linked to evolutionary 
HFRORJ\6RIDUVWXGLHVKDYHVKRZQWKDWGHYHORSPHQWDOSODVWLFLW\H[LVWVDQGPLJKWKDYH
a genetic basis but it appears that too little attention has been paid to the polysemy of the 
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WHUP³SODVWLFLW\´LWVHOI5HFHQWO\ WKHFHOOELRORJLVW6WXDUW1HZPDQDQGKLVFROOHDJXHV
1HZPDQHW DO KDYHGHILQHG³SODVWLFLW\´DV ³WKHDUUD\RISDWWHUQ IRUPLQJ
PHFKDQLVPVWKDWRSHUDWHGXULQJWKHGHYHORSPHQWRIFRPSOH[RUJDQLVPV´HJDGKHVLRQ
ODWHUDO LQKLELWLRQFRKHVLRQ«7KLV ODVWGHILQLWLRQRISODVWLFLW\FDQEHFRQVLGHUHGDV
EHLQJSDUWRI WKH³HPEU\RORJLFDO WUDGLWLRQ´RISODVWLFLW\HVSHFLDOO\EHFDXVH LW LVQRW





weight to the different meanings of the term in biology and so she leaves apart one of 
WKHPDLQWUDGLWLRQRIXVHRIWKHWHUPWKHHPEU\RORJLFDORQH
Conclusive remarks












a specific importance in her work and in her definition of plasticity to development 
EXWVKHJLYHVVXFKDQLPSRUWDQFHWRDFHUWDLQ³¿HOGRIGHYHORSPHQW´WKDWHYROXWLRQDU\
biology have, in a way, already encompassed. Therefore, she omits a major part of the 
developmental tradition, which includes embryological studies. If the aim of a synthesis 
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is to give a synoptic view of evolution with development, what I believe, one should pay 
more attention to this overlooked part, that is, the embryological tradition.
    7KHFRQFHSWRI³GHYHORSPHQWDOSODVWLFLW\´RIIHUHGE\:HVW(EHUKDUGDWWHPSWVWR
synthesize the uses of the term in development and in evolution, and it is already a 
major step, that not so many authors have been doing when they refer to the concept. 




the embryological tradition. I suggest that a new synthesis of evolution, including 
development, should pay attention to the whole tradition in development and not only 
to this tradition in development, that starts with the molecular biology. It is only in this 
attempt that the concept of plasticity may, indeed, be considered as a central concept for 
a new evolutionary synthesis, which fully includes development.
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